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By John R. Dawson 
SUMMARY 
A l/5-scale model of a flying-boat hull having flutes 
in the bottom both forward and aft of the step (N.A.C.A. 
tank model 19) was tested in the N.A.C.A. tank to deter- 
mine fts water performance. The model was also tested 
after the successf've removal of the flutes on the after- 
body and forebody. The results from those tests are co* 
pared with those from tests of a model of the hull of the 
Navy PB-8 flying boat and it is concluded that tho flutod- 
bottom model and all its modifications are inforior to the 
model of the PN-8. 
INTRODUCTION 
Longitudinally fluted bottoms have been used on a 
number of seaplane floats. The purpose, aside from possi- 
ble structural considerations, seems to have been to re- 
duce the high-speed resistance without greatly increasing 
the hump resistance. Prior to the present investigation 
tests were made at the N.A.C.A. tank on a model in which 
flutes were placed in the forebody only (reference 1). 
The effect of the flutes was found to be small, although 
they did cause some reduction in the high-speed resistance. 
In the present tests a model of a fluted-bottom fly- 
ing-boat hull was tosted in the N.A.C.A. tank at tho ro- 
quest of the Buroau of Aeronautics, Navy Department, for 
comparison with tests previously made in the tank on a 
model of the PN-8 flying-boat hull (reference 2). 
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The model was designed by the Navy as a l/5-scale 
model of the hull of a hypothetical flying boat havfng the 
same load and get-away speed,as the Navy PN-8, It has 
four longitudinal flutes on both the forebody and the af- 
terbody, a broad second step, and a short tail. The mod- 
el was made of laminated wood carefully smoothed and pafnt- 
ed; for simplicity the sides were made vertilcal and a flat 
plywood deck was fitted. Figure 1 shows the principal 
lines of the model and the variations tested. The model 
numbers given to the variations are as follows: 
Model no. Flutes on Tail keel angle 
19 
19-A 
19-B 
19-c 
Afterbody and forebody 
Afterbody and forebody 
Forebody 
Nono 
llO48' 
15O30' 
15O30r 
15030' 
AFPARATUS AND PROCBDURE 
All the tests were made by the hydrovane method as 
described in referonce 1. Several alterations were made 
in the towing gear during the intervals betweqn the tests 
of the model variations, and the last vartation (19-C) 
was run with the towing gear as described in rsferonco 3. 
The model was attached to the towing gear with the pivot 
about mhic'h the model trims at the position correspond- 
ing.to the center of gravity of the complete flying boat. 
With tho exceptEon of 19-C all the variations of the mod- 
el were balanced to give the correct longitudinalposi- 
tion of the center of gravity but were not balanced ver- 
tioally. As the center of gravity of the model was lower 
than the position corresponding to that of the full-size 
flying boat, a small positive trimming moment was obtained 
in the free-to-trim condition. The towing gear used for 
model 19-C had provision for balancing the model verttc- 
ally and it was accordingly balanced to bring the center 
of gravLty both vertically and horizontally to the cor- 
rect position at the pivot. 
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An inEtia1 load of 112 pounds (114,OOO'lb. full- 
scale) and a get-away speed of 39,4 f.p.8. (60 m.p.h. full- 
scale) were used for all tests. .These values are the same 
as-those used in the tests on a.l/L%scale model of the 
Navy PN-8 (reference 2). 
TEST PROGRAM 
The model as originally made (19) was tested free to 
trim and at loo, 8', and 6' fixed trims, over the useful 
range of each, as requested by the Navy. The tail was 
then raised and the effect of this change on the hump re- 
sistanco and the trfm angle was determined by running the 
model (19-A) free to trim. The flutes Qere then removed 
from the afterbody and the mode.1 (19-B) tested under the 
same trim condftions.as the original model (19). The last 
test was made with aif flutes removed from the model (19-C). -* 
RESULTS AND DISCUSSION 
Curves of resistance, rise, trim angle, trimming mo- 
ment,* and load/resistance (A/R> are plotted in figures 
2 to 5. As an aid to. comparisons, the upper envelopes of 
the A/R curves for models 19, 19-B, 19-C, and 9 (PN-8) 
are plotted in figure 6. The curve for the PIT-8 model is 
taken from ffgute 5 of reference 2 
For all the variations tested the resistance curve 
for 8' fixed trim falls very sharply at about 30 f.p.6. 
This condition occurs when the model is riding on the sec- 
ond step and, since the negatfve trimmfng moments are so 
largeothat thfs condition has no practical application, 
the 8 fixed trim during this condjltion was neglected in 
deriving the envelopes of the A/R curves. 
Model 19 has a slightly better A/R value than the 
PN-8 at the hump. This slight gain fs partly offset, 
however, by the higher speed at whfch the hump occurs. 
At all speeds beyond the hump, the Ala values for model 
19 are considerably lower than those for the PN-8. 
. 
*PositLve moments tend to raise the bow. 
. 
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Raising the tail, of course, allowsd'mod'el 19-A to 
take slightly different trim angles and the differences 
in the 'free-to,itrim resistance curves .of, models I.9 and. 
19-A may be at least.p&rtly attributed to this change in 
trim angles. I : 
. . 
Model 19-B, with flutes on the farobody only, gave a 
A/R curve that lies between the curves for model 19 and 
the PX-8. Over most of the high-speed range, the a/R 
values for model 19-B are a litt,le lower than the a/R 
values of model 19. 
Model 19-C (no.flutes) ,mas .the best at the hump and 
the worst at high speeds. -Its A/B value at the hump 
is well above that of the PX-8, but at.bigh speeds the 
A/R. curve is much lower. 
Model 19 threm.less spray than the PN-8. The removal 
of the flutes in models.39-B and 19-C caused a slight in- 
crease in the spray but t.he.increase was not enough to 
-make either as bad B-e the PN-8. 
CONCLUDSNG REMARKS 
Since these tests were made at widely separated in- 
tervals over a period of 18 months, during which the 
equipment ofthe tank was altered considerably by chang- 
ing t.he towing gear and the method of suspending and bal- 
ancing the model, definite quantitative comparisons show- 
ing the effect of the flutes are impracticable. F-urther- 
more, the effect of raising the tail was not fully deter- 
mined because only free-to-trim tests were run on modal 
19-A. Et does seem permissible, however, tc conclude 
that the flutes on the forebody and/or the afterbody will 
have little effect on th-e take-off performance. 
The increase in the keel angle of the tail seems to 
have been unnecessary for at high speeds whore a low keel 
angle might give trouble the tail in its original form 
was well out of the water -.-- _ 
Near get-away it is probable,that the trim angle 
giving ,least res‘istance is less than 6', the lowest fixed 
trim tested. . . . . 
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As a definfte conclusfon the results indicate that 
this design, with or without the flutes, will give poorer 
take-off performance than the PN-8. 
Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Yield, Va., Bebruarg 20, 1935. 
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